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ETHYLENE AND AROMATICS BY THE 

CARBONIZATION OF LIGNITE 

BY 
R .  S .  Montgomery, D .  L.  Decker, and J. C .  uackey 

The Dow Chemical Company, Midland, Michigan 

The work reported i n  t h i s  paper was ca r r i ed  out i n  an e f f o r t  t o  determine 
the  f e a s i b i l i t y  of manufacturing ethylene and aromatics by t h e  carbonization 
of l i g n i t e .  These raw mater ia l s  a r e  of g rea t  importance t o  the chemical 
industry and w e  can look forward t o  a f u t u r e  of dwindling'supplies and in-  
creased pr ices  f o r  t h e  crude o i l  which i s  now used f o r  t h e i r  manufacture. 
Since it was the  a i m  of t h i s  research  t o  produce maximum y ie lds  of ethylene 
and aromatics, t h e  carbonization w a s  not car r ied  out i n  the  usual manner. 
The cen t r a l  idea was t o  r e t o r t  t he  l ignite under conditions that w i l l  y ie ld  
a maximum of v o l a t i l e  products and then thermally crack these  v o l a t i l e  products 
under conditions which would produce a m a x i m u m  y ie ld  of ethylene and aromatic 
hydrocarbons. This e n t a i l s  a low-temperature carbonization of  t h e  l ignite 
immediately followed by a high temperature cracking of t he  vo-latile products. 
Preliminary experiments showed t h a t  it w a s  very important t h a t  t he  carbonization 
products be cracked without being f i r s t  allowed t o  condense. I f  t he  low- 
temperature tar i s  allowed t o  condense, subsequent thermal treatment w i l l  
produce much g rea t e r  amounts of residue and smaller amounts of t h e  desired 
products . 

After some preliminary experiments had been made i n  order  t o  determine 
approximately t h e  optimum conditions using a sample of Texas Sandow l i g n i t e ,  
a s e r i e s  of more ca re fu l ly  planned experiments were made t o  more prec ise ly  
determine the  e f f e c t  of t he  reac t ion  conditions and t o  compare Texas l i g n i t e  
with North Dakota l i g n i t e  i n  t h i s  process. A l l  of the  carbonization runs were 
made i n  a batch-type r e t o r t .  The temperature of the  r e t o r t  w a s  r a i sed  t o  a 
maximum of 800" and two cracking temperatures were used, 600" and 800". 
lengths of cracking zone, 18 inches and 36 inches, were used s o  that  the  
e f f e c t  of re ten t ion  t i m e  could be evaluated i n  addi t ion  t o  t h e  e f f e c t s  of t he  
r e to r t ing  and cracking temperatures. 

Two 

Equipment. - The equipment w a s  arranged as indica ted  i n  Figure 1. The 
evolved v o l a t i l e  matter passed from t h e  r e t o r t  through the  cracking zone i n t o  
the  co l l ec t ion  t r a i n ,  which consisted of a water-jacketed rece iver ,  s p i r a l  
condenser, e l e c t r o s t a t i c  p rec ip i t a to r ,  and another s p i r a l  condenser. From 
there  the  gas passed through a cot ton  t r a p  t o  remove any uncondensed fog and 
m i s t ,  through a dry ice-acetone t r a p  t o  condense low bo i l ing  cons t i tuents  and 
f i n a l l y  through a wet-test gas meter used t o  measure t h e  volume of evolved 
gas. 
Apparatus described i n  the  Bureau of Mines Report 4954. (1)  

This t r a i n  i s  similar t o  t h a t  used i n  the  E4odified D i s t i l l a t i o n  Assay 

(1) V. F .  Parry,  W .  S .  Landers, E. 0. Wagner, J. B. Goodman, and G .  C .  Lammers, 
Bureau of Mines Report of Inves t iga t ions  4954, (1953). 

- .. . . 
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LIGNITE CARBONIZATION APPARATUS 
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The r e t o r t  used f o r  these  carbonization runs consisted of a 2 inch 466 
s t a in l e s s  steel pipe 24 inches i n  length.  
bottom of the  r e t o r t  t o  within 6 inches of the top  was a 114 inch s t a i n l e s s  
s t e e l  pipe, used as an e x i t  f o r  a l l  t h e  v o l a t i l e  mat te r .  
s t e e l  plug f i t t e d  with a thermowell (TR1) w a s  used at t h e  t o p  of t he  r e t o r t  
f o r  t h e  in t roduct ion  of t h e  l i g n i t e  charge and fo r  t h e  removal of t he  char. 
A second thermowell (TR2) was provided through t h e  bottom of t h e  r e t o r t  the 
innermost point being welded t o  t h e  1/4 inch p ipe .  Heat f o r  t he  r e t o r t  was 
provided by e l e c t r i c  furnaces cont ro l led  with va r i acs .  The temperatures 
were measured with thermocouples, and recorded on e l ec t ron ic  recorders.  

(Figure 2) Extending from the  

A 1 inch s t a i n l e s s  

Two cracking zones were fabr ica ted  of 31 mm. 0. D. "Vycor" brand tubing, 
so t h a t  "L" i n  Figure 3' w a s  18 inches and 36 inches respec t ive ly .  
9 mm. 0. D .  "Vycor" tube r an  through the  e n t i r e  length of the cracking tube. 
T h i s  arrangement allowed a thermocouple t o  be placed in s ide  t h e  tube and the 
cracking temperature ( T C )  t o  be recorded f o r  any point i n  the tube. 
recorded continuously on a s ingle  l i n e  recording-indicating temperature 
potentiometer. The thermocouple was placed in s ide  t h e  9 m. tube so t h a t  t h e  
temperature was measured a t  a poin t  213 of the  d is tance  from the  entrance of 
the  cracking zone t o  the  e x i t .  The cracking zone w a s  heated with "Nichrome V 
Alloy" res i s tance  tape wound d i r e c t l y  on the  tubing and the  e l e c t r i c  cur ren t  
cont ro l led  by means of a variac.  

A concentric 

It was 

Some d i f f i c u l t y  was experienced i n  the  t h e  condensation of t h e  fog  and 
m i s t  during the preliminary experiments. Ice-water condenser-s proved t o  be 
inef fec t ive  i n  most instances s o  a small e l e c t r o s t a t i c  p r e c i p i t a t o r  was m a d e .  
It consisted of four  p a r a l l e l  12 inch lengths  of 314 inch 0. D.  s t a i n l e s s  
s t e e l  tubing i n  water-jacketed "Pyrex" brand g l a s s  housings. 
coaxially i n  the  tubes were No. 51 platinum wires which were connected t o  a 
negative D.  C .  p o t e n t i a l  of 3 kv. The s t a i n l e s s  s teel  tube w a s  connected t o  
ground . 

Suspended 

Lignite Used. - The l i g n i t e s  used i n  these  inves t iga t ions  were samples 
of Texas and North Dakota l i g n i t e s .  
Bastrop County and the  North Dakota l ignite obtained from t h e  Truax-Traer 
Coal Company, Minot, North Dakota. The samples were obtained i n  sealed drums 
i n  an "as mined" s t a t e  and were of 3 inch  p a r t i c l e  s i z e .  

The Texas l i g n i t e  was  obtained from 

The l i g n i t e  was d r i ed  overnight at  100" i n  a vacuum oven a t  3 t o  5 mm. 
pressure.  During t h i s  operation t h e  Texas l i g n i t e  l o s t  29.346 while t h e  North 
Dakota l i g n i t e  l o s t  31.1 of i t s  weight. The d r i ed  l i g n i t e  was then crushed 
and the  crushed mater ia l  separated i n t o  f r a c t i o n s  based on p a r t i c l e  s i z e .  For 
t h e  carbonization runs, t h e  f r a c t i o n  was used that passed 3-112 mesh screen 
and remained i n  10 mesh screen. 
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TABLE I 

ANALYSIS OF R A W  LIGNITES 

Proximate Analysis Weight Per Cent 
Texas North Dakota 

Moisture 54.0 '55.2 

Ash 10.6 5.5 
100. g 100 .o 

Net Vola t i le  51.6 45.1 
Fixed Carbon 24.7 14.2 

U l t i m a t e  Analysis 

Ash 
Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Sulf ur 

10.6 5.5 
5.2 6.5 

0.8 0 -7  
41.5 46.5 
0.9 0.5 

41.2 40.4 

100.2 100.1 

TABLE I1 

ANALYSIS OF DRIED LIGNITES 

Proximate Ana lys i s  

Moisture 
Net V o l a t i l e  
Fixed Carbon 
Ash 

Weight Per Cent 
Texas North Dakota 

10.0 
41.5 

12.4 
100.2 

36.3 

10.8 
39.6 
42.3 
7.3 

100.0 

Ult imate  Analysis 

Ash 12.4 7.3 
Hydrogen 5.7 5.1 
Carbon 56.8 56.7 
Nitrogen 0.9 0.9 
Oxygen 23.2 29.4 
Sulfur 1.0 0.6 

100.0 100.0 

It should be noted tha t  during the  drying operation, some vo la t i l e ,  carbon- 
containing material was removed from the l i gn i t e .  
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PRocmuRE 

Dried l i g n i t e  (500 grams) was  charged i n t o  the r e t o r t  and the cracking 

When the  cracking 

About 70 

zone temperature brought up t o  t h e  predetermined leve l .  
c i rculated through the condensers and the water jackets .  
zone temperature reached t h i s  predetermined poin t ,  t h e  temperatures of the 
r e t o r t  was slowly and uniformly raised t o  a maximum of 800". 
minutes was required f o r  TR2 t o  increase from 500" t o  800". 
t o  the r e t o r t  furnaces w a s  cont ro l led  manually i n  such a manner t h a t  TR1 
equaled TFQ. 
t h i s  point and maintained there  f o r  another hour. 
no f u r t h e r  gas evolution was observed. A l l  heat  was then turned o f f ,  the 
cold t r a p  was removed from t h e  dry ice-acetone bath and allowed t o  come t o  
room temperature, and t h e  i c e  water was removed from the condensers and 
jackets .  Steam was then passed through the condensers and jackets  thus 
forcing any mater ia l  co l lec ted  on the  condensers and prec ip i ta tor  t o  run 
back In to  t h e  receiver .  The volume of water and oil was estimated I n  the 
graduated sect ion of the  rece iver  and t h e  contents of t h e  dry ice-acetone 
t r a p  were poured i n t o  t h e  f i r s t  receiver  and the  weight of all  materials i n  
the  f i r s t  receiver  was determined. 
Aeff ic iency of the e l e c t r o s t a t i c  p r e c i p i t a t o r  and any gain in  w e i g h t  was added 
t o  the weight of t h e  water plus  heavy o i l .  
cracking zone", t h e  cracking zone was eliminated e n t i r e l y  and the r e t o r t  
attached d i rec t ly  t o  the  first rece iver .  

Ice  water was 

E l e c t r i c  current 

When the r e t o r t  temperature reached 800°, it  was s tab i l ized  a t  
After  t h i s  length of time 

The cot ton t r a p  was weighed t o  check the  

For those runs designated "no 

The contents of the  first receiver  were steam d i s t i l l e d  and t h e  non- 
aqueous layer  of t h e  d i s t i l l a t e  separated and designated as the  "steam 
d i s t i l l a b l e  o i l " .  The r e s i d u a l  o i l  and tar w a s  designated "heavy o i l " .  Samples 
of the steam d i s t i l l a b l e  o i l  were examined by means of in f ra red  and mass 
spectroscopy and samples of the  heavy o i l  examined by means of infrared 
spectroscopy. The volume of the gas produced w a s  measured with the  wet-test  
gas meter. 
f o r  t h e i r  components by mass spectrometry. 
by weighing the contents of t h e  r e t o r t  a f t e r  the  run had been completed. 

Samples of t h e  evolved gas were taken every 12 l i t e r s  and analyzed 
The weight of the char was determined 

RESULTS 

Complete mater ia l  balances f o r  the runs a r e  given i n  Table 111. Very 
accurate determinations of t h e  y ie lds  of the  various gases,  t h e  l i g h t  o i l s ,  
and char were made but only t h e  t o t a l  o f  heavy oil and water was determined 
i n  most cases because of t h e  d i f f i c u l t y  encountered i n  separating t h e m .  
y ie lds  of heavy o i l ,  however, were only of secondary importance s ince the 
major emphasis i n  t h i s  work was  on the  yields  of ethylene and benzene. 

The 

A n a l y s i s  of t h e  products obtained i n  these carbonization runs makes it 
possible t o  evaluate the e f f e c t  of r e t o r t i n g  and cracking temperatures and 
re ten t ion  times on the  y ie lds  of the  various products. 
v o l a t i l e  matter passed through the cracking zone, the volume and composition 
of the  evolved o i l  and gases were affected by both t h e  r e t o r t i n g  and cracking 
temperatures and r e t e n t i o n  t imes.  The char,  of course, was a f fec ted  only by 
the r e t o r t i n g  temperature. 

Since a l l  t h e  
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Gas  Volume. - The volume of evolved gas is approximately a l i nea r  
function of t he  r e t o r t i n g  temperature. (Figure 4) When higher cracking 
temperatures a r e  employed, more gas i s  obtained due t o  the  conversion of some 
of the  o i l  t o  gaseous products.  
t he re  i s  l i t t l e  d i f fe rence  between Texas and North Dakota lignite. 

So fas as t h e  volume of gases is concerned, 

G a s  Composition. - The composition of t h e  gas evolved var ies  widely 

The e f f e c t  of t h e  r e t o r t i n g  temperature on the  in- 
as t h e  r e t o r t  temperature.passes through the  temperature range from room 
temperature t o  8 0 0 " ~ .  
stantaneous composition of t h e  gas i s  qui te  pronounced, but since a cumulative 
ga,s composition would be  obtained under the  conditions of commercial carbonization, 
t h i s  e f f e c t  would be much less. The major components of t h e  evolved gas are: 
ethylene,  propylene, methane, ethane, hydrogen, carbon monoxide, carbon dioxide, 
and hydrogen su l f ide .  These comprise a t  l e a s t  98% of t h e  gas produced. 
e f f e c t s  of the  r e t o r t i n g  and cracking temperatures on t h e  proportions of each 
of these gases 'wi l l  be discussed i n  t h e  order t h a t  they are l i s t e d  above. 

The 

Ethylene.- Of  a l l  the gaseous products, ethylene i s  the  most valuable. 
The proportion of this gas shows a m a x i m u m  a t  about 400°C. and drops very 
abrupt ly  when t h e  r e t o r t  temperature exceeds 500°C. (Figure 5)  
r e t o r t  temperature coincides with the  point where no fu r the r  o i l  i s  co l lec ted  
i n  the  f o r e  pa r t  of t h e  co l l ec t ion  t r a i n .  The r e t o r t  temperature has a very 
marked e f f e c t  of t h e  amount of ethylene obtained although the  re ten t ion  t i m e  
does not seem t o  be p a r t i c u l a r l y  important. ' A  good dea l  more ethylene was  
obtained a t  a cracking temperature of 800"c. than w a s  obtained a t  6 0 0 " ~ .  
Texas and-North Dakota l i g n i t e  behave s i m i l a r l y ,  but Texas produces almost 
twice as much ethylene as does North Dakota l igni te .  

This l a t t e r  

Propylene. - The proportion of propylene i n  t h e  evolved gas shows a w e l l  
defined maximum a t  r e t o r t  temperatures of approximately 450°C. 
The proportion of propylene, contrary t o  t h a t  of ethylene,  decreases as the  
cracking temperature is increased from 600"c. t o  8 0 0 " ~ .  
ethylene, Texas lignite produces much more propylene than does North Dakota. 
l i g n i t e .  

(Figure 6) 

As w a s  t h e  case with 

Methane: - The production of methane i n  the  evolved gas i s  a maximum at 
a r e t o r t  temperature of approximately 500°C. (Figure 7) More methane i s  obtained 

from Texas lignite using a cracking temperature of 800"c. t han  is obtained 
with a cracking temperature of 600"c. while t h e  reverse  i s  t r u e  with North 
Dakota l i g n i t e .  Retention t i m e ,  however, does not seem very important i n  
t h i s  case.  
is produced from North Dakota lignite. 

Somewhat more of this  gas i s  produced from Texas l i g n i t e  than 

Ethane. - The m a x i m u m  evolution of t h i s  gas occurs a t  a r e t o r t  temperature 
of a b m O ° C .  and i t s  production is  favored by l o w  cracking temperatures. 
(Figure 8 )  A t  the  higher cracking temperatures, much of t h e  ethane t h a t  i s  
produced3n the  r e t o r t  i s  converted t o  ethylene.  
more i s  obtained from Texas thpn from North Dakota l ignite.  

I n  the case of t h i s  gas,  too, 

A 
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ETHYLENE IN EVOLVED GAS AS A FUNCTION OF RETORTING 
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METHANE IN EVOLVED GAS AS A FUNCTION OF RETORTING 
TEMPERATURE -TEXAS a N. DAKOTA LIGNITE 
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FIGURE 8 

ETHANE IN EVOLVED GAS AS A FUNCTION OF RETORTING 
TEMPERATURE -TEXAS a N.DAKOTA LIGNITE 

I I - TEXAS --- N. DAKOTA 

8 

I MOLE PERCENT OF GAS 

I u 
6 

4 

2 

0 
700 . a  I 200 300 400 500 

I 
D 



-161- , 

Hydrogen. - The evolution of t h i s  gas i s  d i f f e r e n t  from t h a t  of the  
hydrocarbon gases i n  t h a t  it continues t o  increase with r e t o r t  temperature 
t o  the  highest  r e t o r t  temperatures inves t iga ted .  (Figure 9 )  
temperature of 500°C., i t s  production i s  favored by high cracking temperatures 
and t h e  longer r e t en t ion  time , conditions vhich would be expected t o  favor 
the  conversion of sa tura ted  t o  unsaturated hydrocarbons. The production of 
t h i s  gas w a s  almost i d e n t i c a l  from both l i g n i t e s .  

Below a r e t o r t  

Carbon iffonoxide. - A s  the r e t o r t  t enpe ra twe  i s  increased t h e  proportion 
of carbon monoxide i n  t h e  evolved gas shows a minimu? a t  540" and a w e l l  
defined maximum a t  6 7 0 " ~ .  a t  a l l  cracking temperatures and r e t en t ion  times. 
(Figure 10) The production of t h i s  gas i s  almost completely in sens i t i ve  t o  the  
cracking conditions.  Texas and North Dakota l i g n i t e s  behave very s imi l a r ly  
although s l i g h t l y  more carbon monoxide i s  obtained from North Dakota l i g n i t e  
a t  r e t o r t  temperatures below 6 0 0 " ~ .  

Carbon Dioxide. - Less of t h i s  gas i s  evolved as the  r e t o r t  temperature 
i s  raised u n t i l  e s s e n t i a l l y  none is  evolved a t  r e t o r t  temperatures i n  excess 
of 730°C. The proportion of carbon dioxide i n  t h e  evolved gases 
below a r e t o r t  temperature of 550°C. i s  lower a t  t he  higher cracking 
temperatures although t h i s  i s  due e n t i r e l y  t o  the  g rea t e r  amount of t o t a l  gas 
produced under these  conditions.  More carbon dioxide i s  obtained from North 
Dakota l i g n i t e  than i s  obtained from Texas l i g n i t e .  

(Figure 11) 

Hydrogen Sul f ide .  - O n l y  r a the r  small amounts of t h i s  gas a r e  obtained 
and almost a l l  of it below a r e t o r t  temperature of 600"c. (Figure 12) While 
the  proportion of t h i s  gas i n  the  evolved gas is af fec ted  b y  t h e  cracking 
conditions i n  the  case of t h e  Texas l i g n i t e ,  it i s  not i n  the  case of t he  
North Dakota l i g n i t e .  Approximately twice a s  much hydrogen su l f ide  i s  a l so  
obtained f ron  the  Texas l i g n i t e .  

Liquid Products. - Since the  l i qu id  products were determined only a t  
the  end of t he  run, l i t t l e  can be sa id  about the  e f f e c t  of r e t o r t i n g  temper- 
a ture  on t h e i r  amount and composition but it was noticed t h a t  a l l  t h e  evolution 
of o i l  occurred between r e t o r t  temperatures of 250°C. and 550°C. The e f f e c t  
of cracking temperature and re ten t ion  time, however, w a s  determined. 

Light O i l .  - Less l i g h t  o i l  i s  obtained a t  the  higher cracking temperatures. 
( F i g u r n h e  r e t en t ion  time had l i t t l e  e f f ec t  on t h e  amount produced from 
North Dakota l i g n i t e  but s ign i f i can t ly  more w a s  produced from Texas l ignite a t  
the  longer r e t en t ion  time. A t  t he  longer r e t en t ion  t i m e ,  approximately twice 
as much l i g h t  o i l  w a s  produced from Texas l i g n i t e  than w a s  produced from'North 
Dakota l i g n i t e .  

The components of t h e  steam d i s t i l l a b l e  o i l  obtained at  t h e  lower cracking 
temperatures were mainly sa tura ted  a l ipha t i c  hydrocarbons, while at  t h e  higher 
cracking temperatures, the  components were benzene, toluene, naphthalene, 
a l ipha t i c  subs t i t u t ed  naphthalenes, mixed a lky l  benzenes, and some phenolics 
and polynuclear aromatic hydrocarbons of t he  lower molecular weights. (Table I V )  
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HYDROGEN IN EVOLVED GAS AS A FUNCTION OF RETORTING 
TEMPERATURE -TEXAS 8 N. DAKOTA LlGNlTE 
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FIGURE 10 

CARBON MONOXIDE IN EVOLVED GAS AS A FUNCTION OF 
RETORTING TEMPERATURE -TEXAS a N. DAKOTA LIGNITE 
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PICURE 11 

CARBON DIOXIDE IN EVOLVED GAS AS A FUNCTION OF RETORTING 
TEMPERATURE-TEXAS a N.DAKOTA LIGNITE 
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FIGURE 12 

HYDROGEN SULFIDE IN EVOLVED GAS AS A FUNCTION OF 
RETORTING TEMPERATURE -TEXAS 8 N. DAKOTA LIGNITE 
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Heavy O i l .  - As expected, t h e  amount of heavy o i l  obtained decreases as 
t h e  cracking conditions become more severe due t o  the  conversion of some of 
t h i s  mater ia l  t o  l i g h t  o i l s  and v o l a t i l e  hydrocarbon gases. 
ind ica tes  t h a t  the heavy o i l  obtained using the lower cracking temperatures-was 
composed of saturated a l i p h a t i c  hydrocarbons of high molecular weights with 
l i t t l e  of the aromatic hydrocarbons present .  
cracking temperatures, however, were pr imari ly  polynuclear aromatic hydrocarbons 
of the  higher molecular weights with some phenolic components present .  

The inf ra red  spectra  

Heavy o i l s  obtained using higher 

Char. - Retorting, of course, converts p a r t  of the  l i g n i t e  Into v o l a t i l e  
p r c d u G o  t h a t  less char i s  obtained a s  the  r e t o r t i n g  temperature is ra i sed .  
The char,  however, has a s i g n i f i c a n t l y  grea te r  c a l o r i f i c  value than did the 
o r i g i n a l  dr ied  l i g n i t e .  

. 

TABLE V 
YIEw)S OF CHAR OBTAINED FROM TEXAS AND NORTH DAKOTA LIGNITES 

Retor t ing Temperature 

550°C. 800"c. 

Texas Ligni te  1220 
North Dakota Ligni te  1160 
Yields i n  lbs.  per  t o n  of dr ied  l i g n i t e .  

1100 
1020 

TABLE V I  

CHAR ANALYSES 

Texas Lignite 

Proximate Analysis  

Moisture 
Net Vola t i le  
Fixed Carbon 
Ash 

Ultimate Analysis 

Ash 
.Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Sulfur 

Calor i f ic  Value 

550°C. 8 0 0 " ~ .  

0.0 0 .o 
11.4 3.6 
68.7 72.2 

100.1$ loo.@ 

- 

20.0 23-7 

20.0 23.7 
2.7 0.9 

72.3 73.3 
1-3  0.9 
2.8 0.2 
0.9 0 - 9  

100.0$ 99.9% 
12,035 BTU/lb. 11,443 BTU/lb. 
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TABLE V I  (Cont'd) 

North Dakota Ligni te  

Proximate Analysis 

Moisture 
N e t  Volat i le  
Fixed Carbon 
Ash 

Ultimate Analysis 

Ash 
Hydrogen 
Carbon 
Nitrogen 
Oxygen 
s u l f u r  

C a l o r i f i c  Value 

0.0 0.0 
14.8 4 .O 
72.8 82.3 
12.4 13.8 

100.04 100.1$ 

12.4 
2.9 
78.0 

1 . 3  
4.9 
0.5 

100.0% 

12,571 BTU/lb. 

13.8 
1.3 

73.4 
0.9 
0.2 
0.5 

100.1$ 

12,608 BTU/lb. 

CONCLUSION 

Ethylene and aromatics have been obtained by means of a low-temperature 
carbonization of l i g n i t e  immediately followed by a thermal cracking of the 
v o l a t i l e  products. 
North Dakota l i g n i t e  i n  t h i s  process and produced almost twice a s  much ethylene 
and about t e n  times as much benzene. 
r e s u l t s  were obtained when using r e t o r t i n g  temperatures only up t o  55OoC., a 
cracking temperature of 8oo0c., and a cracking zone length of t h i r t y - s i x  
inches.  This was the longest cracking zone length invest igated and i t s  use 
resul ted i n  an "average" re ten t ion  t i m e  of about 1.5 seconds. 
these "optimum" conditions would probably be a l t e r e d  somewhat with a large 
commercial u n i t .  An estimate,  however, can be made of the preformance of a 
la rge  uni t  on a b a s i s  of the  experimental r e s u l t s  reported here .  
estimate i s  given i n  Table V I I .  

Texas Sandow l i g n i t e  w a s  found t o  be much superior  t o  

Of the  conditions evaluated, the bes t  

O f  course, 

This 
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TABLE V I 1  

YIELDS OBTAINED 'FROM TEXAS SANDOW LIGNITE 

Conditions:  Retor t  temperature - up t o  550°C. 
Cracking zone - 36 inches, 800°C. 

Yields i n  lb s .  per  ton of Dried Lignite 

GASES - 
Ethylene 
Propylene 
Methane 
Ethane  
Hydrogen 
Carbon Monoxide 
Carbon Dioxide 
Hydrogen Sul f ide  

TOTAL 

40.0 
7.6 

70.5 
4.9 
5.6 

56.1 
-126.0 

318 
7-2 

LIQUrnS - 
Benzene 
Tol'uene 
Xylene and/or ethylbenzene 
Mass 120 (C, benzene) 
Mass134 (C, benzene) 
Styrene 
Naphthalene 
Methylnaphthalene 
Indene 

Other Component 8 
M ~ S S  118 

TOTAL LIGHT OIL 

TOTAL HEAVY OIL 

6.0 
4.9 
2.3 
0.4 
1.1 
1.9 
3.0 
1.1 
0.7 
0.7 

14.4 

37.7 

u- 44 

Weight 
Calor i f ic  Value 

1,220 
l 2 , O B  B!FU/lb. 


